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i E R 9 E i i C T T D N  

This is the fourth progress 

hydrogen flexible ducting technology being performed under the 

National Aeronautics and Space Administration "rlarshall Space 

Flight Center Contract Number w8-1103. This report is also 

the  f i r s t  quarterly progress report. 

report  i s  15 July through 31 October 1964, 

The period covered bj this 
- I 

This progw;  is being conducted under t h e  direction of 

Solar Aerospace Engineering with Mr. H. T. NEschel as Bogram 

During the previous reporting period, a material survey 

performed on a program presently i n  progress with the Mazshall 

Space Flight  Center Hanufacturing Engineering Laboratory had 

been completed and the data was included as an appendbc of that 

report. The previous report  a l s o  included a flange concept u t i l -  

i z ing  solder as the strength and sealing member and this concept 

was expanded during this reporting period. A study on the optim- 

iza t ion  of gimbal j o in t s  was i n i t i a t ed  and was completed during 

t h i s  reporting period. 

ii 



, 
Uimbal Jo in t  Optimization 

A study to optimize gimbal Soint desizrxs was completed during this 

reporting period and is included as Appendsx A, 

The major goal  of this study w a 6  weight reduction w i t h  increased 

r e l i a b i l i t y ,  increase6 f l e x i b i l i t y  and reduced pressure instability, 

The study w a s  based upon a gimbal j o i n t  t ha t  Solar is presently 

fabricating, 

gen tank pressurieation system. 

T h i s  gimbal Joint  i s  used on the S-I1 vehicle in the hyrlro- 

The study was made i n  three parts8 (a) the gimbal jo in t  was theoreti-  

cally "breated and the r e s u l t s  aFplied i n  developing a l i g h t  weight @dual 

j o i n t  design; (b) a study was made t o  reduce fhe weight of a given joint 

by simple material substi tution; end (c )  the ,nimbal joint is compared to 

several other possible joint concepts. 

developed in this study is the eccentric application of the pin  load to the 

gimbal rings resulting i n  a torsional moment which is opposite t o  tne tor- 

sion developed in the ring a t  45-degrees t o  t h e  p h  locations. 

shows a curve for  the e f fec t  of tl:is eccentricity on tlie torsional shear 

stress f i e l d  L! the ring. 

An interest ing idea which has been 

The study 

Various methods of applyirg, this torque are 

discussed and stress analysis for these methods are shown. 
b 

Aa a result of this study, sm~e irkeresting concepts have heen dmel- 

oped which it I s  f e l t  should be the  subject of future work. One of these 

concepts is  the plaaenent of t he  @ m a  ring a t  approx5.n;atel.y the same dia- 

meter 88 the  bellows (see Figure l) to reduce the  line weight by reducing 

its s i z e  and also I t s  applied moment. !Phis w o u l d  necessitate dividing the  . 
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bellows into two separate elements. As a result a s t u e  of this part icular  

gimbal j o in t  concept trill be mderteken i n  the next reporting period, 

Another interest ing concept is an eight lug gimbal joint ( sham in 

Figure 2), The purpose of t he  four  lugs on each flange is t o  apply the 

pin load t o  t h e  flange a t  more than 2 pofnts as is present,l.y done. 

advant,ages of thS.8 approach w e  not too readilv seen on the small diameter 

The 

units, the  3-inch s i z e  being t h e  subject of  study of this program, but 

shows itself tm be more advantageous i n  the larger diameters where 2 point 

loa-s induce extremely high moments in t h e  11q flange. Compounciirg the 

problem, t h e  t h i n  w a l l  duct adjacent to the gimbal is  generalljt hcapable 

of a3ais t ing i n  t h e  resistance of t h i s  moment and rnust receive t h i s  load 

as uniformly distribiited tension. 

the necessity fo r  f w t h e r  work with reear? to the  gimbal rings and a study 

t o  investigate the e f fec t  of the eccentr ic i ty  and the equati-ons which deter- 

mine the t o r s i m d ,  shear s t r e s s  has been i n i t i a t e d  and will. be cmpleted 

during the neyt r e p o r t i m  period. 

s 

The study of the  mbal j o ln t s  reveals 
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The Bolt less  Flange Concept 

Che each of the male and fmde hol t less  flwge have been fabricated 

during t h i s  reporting period. 

Figure 3. 

and t h e  j o i n t  w a s  made with Claude-Xichael #20 solder. 

Photographs of the assmbly are s h m  in 

The bol t less  flange was welded to t i h e  segments with end caps 

This Joint r ~ a s  

subzected t o  a pneumatic pressure test under water a d  w a s  found t o  leak. 

?he j o i n t  was remade by placing it  i n  an oven mtil the solder was nolter, 

and replacing t h e  solder i n  the groove fo r  a second attmpt. 

again was found t o  leak. 

The j o b :  

The joint was taken apart 5y the method prekious- 

ly described, a solder f lux was applied and the jo in t  reconnected. TNs 

was found not t o  be much help. It is  interest ing t o  note, h o w e v ~ ,  that  

no solder was observed on the inside of the  connection during these pro- 

cesseso D i s k s s i o n s  with Solar metallurgical engineers indicate that the 

use of the solder h w  two disadvantagest the solder contracts when cooled 

and breaks away from the walls of the j o i n t  and the solder w i t h  its hliez-er% 

incompatibility or  non-wetti% characterist ics when in contact with stain- 

l e s s ,  tends t o  ball up in t h e  j o i n t  and therefore pern i t  leak passages. 

The j o i n t  was therefore cleaned o f  a l l  solder and was remade with 

Cerabend, an a l loy  of the  Cerro-DePasco Company. 

used i n  forming operations. 

190°F, the  al2.0;- &es exkLbit good properties a t  cryogenic temperatures and 

is current ly  be- used bj NASA-Lewis as wm described in the orig5m.l NASA 

data  sheet. 

This a l loy  i s  commonly 

While its  melt ix  point is a t  approximately 

The j o i n t  was subjected again t o  a pneumatic pressure t e s t  under water 

and it eochibited no leaks i n  the  low pressure range. The presswe was in- 

. creased and t he  jo in t  exW2ited leaks a t  approximdely 9 psi.  The tes t  was 
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no% terrninated a t  this point, however, in order t u  demonstrate Hhether the 

j o in t  had sufficient strength to withstand the full presslre end load. T P i  

pressure was increased to 1%) psi and no change i n  the leakage rate or  dis- 

tor t ion in the joint was observed. 

broken and the j o in t  rcsmade. 

a mass speatrometer leak check in the next period t o  determine whet.& t h e  

joint in the low pressure range is -biting vacuum tightness. 

The j o i n t  was then reheated, the seal  

It is intended that t i e  joint be subject to 



Non-Vabuum Jacket@$ Insulation 

The insulation t h a t  appears to be rnost promising is a TFE ( t e f l o n )  

wool which is currently produced by Shambaa Associates, which would be 

wrapped around a duct with an adequate radiat ion shield material  such 88 

aluminm foil. 

tube and filled with C02 gas a t  anblent pressure. 

with liquid hydrogen the insulat ion would be evacuated by cryopunrping the 

This buildup would be covered by a hea t  shrinkable t e f lon  

When the  duot is flowed 

C02 tending t o  compress the insulation around the duct. While this is not 

a particularly good Fnsulation i n  the atmosphere, the theory I s  t ha t  t h e  

te f lon  wool would have suf f ic ien t  resil iency a t  -4239  to re-expand the tef- 

lon outer  tube i n  the vacuum of space and therefore provide an excellent 

insulat ion for space missions such as parking orb i t s  and interplanetary tra- 

vel. Since liquid hydrogen and l i q u i d  oxygen system are predominantly used 

f o r  upper stage use, the assumption is  that the insulat ion is not 8 particu- 

lar requirement In atmosphere, and would therefore provide its most effi- 

c ien t  mode when the duct is flowed i n  the vacuum space. Contact w i l l  be 

made with Shamban Associates to  obtain pr ices  and delivery schedules for 

sufficient amount of the tef lon wool for an experiment t o  prove t h i s  con- 

cept. 

experhenta l  device which i s  currently being designed for  the vacuum jacket 

study contract  no. W8-11340. 

T h e  experiment i tsel f  w i l l  be performed on the liquid hydrogen duct 
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